I. INTRODUCTION
The understanding of the mechanism which binds electrons into pairs and allows then to conduct electricity without dissipation is one of the most challenging and at the same time most exciting issues in the physics of correlated electrons. In this respect, the 2008 discovery of high-temperature superconductivity in a class of materials based on iron 1 , was arguably among the most significant breakthroughs in condensed matter physics in the last two decades. Suddenly, in addition to the famous copper-based superconductors, researchers had a new class of materials exhibiting the macroscopic quantum phenomenon of superconductivity at high temperatures, and it looked as though the road to roomtemperature superconductivity might be smoother because of the chance to compare and contrast these two systems. The discovery of F e-based superconductors (FeSCs) signaled, in the minds of many, the transition from the "copper age" to the new "iron age".
In The understanding of how superconductivity can possibly emerge from repulsion alone is a notoriously difficult task and there is still no universally acceptable scenario for superconductivity in the cuprates after nearly 30 years. The initial hope after the discovery of FeSCs was that, since the screened Coulomb interaction in these materials is generally weaker than in the cuprates, the problem might be theoretically more tractable. It was hoped that it would be possible to find a consensus about the pairing mechanism in FeSCs, then apply this knowledge to the cuprates. This idea is still alive, but in seven years since the discovery a collective effort by condensed-matter community has led to understanding that the physics of FeSCs is far richer than originally thought, and that these materials display a number of highly non-trivial properties which have no analogs in other classes of materials. Here we report on the significant and exciting progress made in the six years since Charles Day summarized the early experiments and theoretical works The phase diagram of a "typical" FeSC is shown in Fig. 3 . The undoped (parent) compound is usually an antiferromagnet (with a few exceptions). The magnetic phase of the FeSC is often called a spin-density-wave (SDW) to stress that this is magnetism of itinerant electrons rather than of localized electron spins. Upon doping a parent compound, a superconductor is created. This can be reached by substituting elements that add holes or electrons (e.g. replacing Fe by Co or Ba by K, which tips the balance of carriers in favor of electrons or holes, respectively), by applying pressure, or by isovalent replacement of one element by another (e.g., As by P). There is also another ordered phase termed "nematic" by analogy to liquid crystals, where the electronic state is believed to spontaneously break the symmetry between X and Y spatial directions without displaying magnetic or superconducting order. 
B. Magnetic phase
This part of the phase diagram of FeSCs is best understood and least controversial.
Experiments have found that a magnetic order in most undoped and weakly doped FeSCs is best described as stripe order, with spins ordering ferromagnetically in one direction and antiferromagnetically in the other direction in real space. (see Fig. 4 (a) ). Such an order not only breaks O(3) spin symmetry but also an additional Z 2 symmetry, as the stripes align either along X or along Y . Spin-orbit coupling requires that the lattice symmetry is simultaneously reduced from C 4 (tetragonal) to C 2 (orthorhombic). In some doped systems a small phase of magnetic order preserving C 4 lattice symmetry has been discovered.
Both C 4 −breaking and C 4 -preserving magnetic orders are consistent with the analysis of itinerant magnetism 6 , where spin correlations building up at a wave vector Q in a metallic system can drive a transition to a SDW. In Cr metal, it has been known for some time that this tendency can be enhanced by the presence of hole and electron pockets,
and this picture appears to hold for the FeSC, where Q connects the Γ-and X, Y -centered pockets in Fig. 2 . A stripe magnetic order has also been obtained in the localized spin approximation 7 , in which one formally considers electrons as localized. There is still some outgoing debate about details (e.g., the form of magnetic excitations at energies of a few hundred meV), but, overall, the magnetically ordered phase is quite well understood.
C. Nematic phase
Measurements of lattice parameters, dc resistivity, optical conductivity, magnetic susceptibility and other probes have found that the stripe SDW order is often preceded by a phase with broken C 4 tetragonal symmetry but unbroken O(3) spin rotational symmetry (see Fig. 4b ). Such a state has been called a "nematic", by analogy with liquid crystals, to emphasize that the nematic order breaks rotational symmetry but preserves time-reversal and translational symmetry. The debate about the origin of this phase has i.e. M 1 · M 2 = 0. For T mag < T < T nem , one of the peaks becomes stronger than the other, i.e. approaching the nematic transition. In this respect, the strong measured enhancement of the resistivity anisotropy by strain seems to argue against a structural transition (i) and favor a spontaneous electronic order scenario. The observation that the SDW and nematic transition lines follow each other across all the phase diagrams of 1111, 122 materials, even inside the superconducting dome, has been suggested as evidence for the magnetic scenario 5 . On the other hand, in some systems like FeSe, nematic order emerges when magnetic correlations are still weak, which has fueled speculations that at least in this system nematicity may be due to spontaneous orbital order. This second electron, however, must wait a certain time until the first electron is out of the way to avoid the Coulomb interaction between the two electrons (for this reason, electronphonon interaction is referred to as "retarded" in time). The phonon-mediated attraction binds fermions into a relative s-wave pair state and gives rise to an isotropic, roughly constant energy gap on the Fermi surface. A schematic version of this "conventional" scenario is depicted in Fig. 5a ). For FeSCs, first-principles studies of superconductivity due to the electron-phonon interaction placed T c at around 1K, much smaller that the actual T c in most FeSCs. This leaves a nominally repulsive screened Coulomb interaction (that the Cooper pairs in conventional superconductors try to escape by being in the same place at different times) as the most likely source of the pairing and puts FeSCs into the class of materials with electronically-driven superconductivity, like high T c cuprates. The "unconventional" scenario for superconductivity is sketched roughly in Fig. 5b ; it leads to highly anisotropic pair wave functions, and gap functions that change sign on the Fermi surface. The possibility of superconductivity from electron-electron interactions is based on two fundamental principles, originally discovered for isotropic systems (see Insert I). In short, one can create superconductivity from non-zero angular momentum components of the screened Coulomb interaction, as they depend on the position of interacting electrons along the FS rather than on the overall sign of the interaction. The extension of these principles to FeSCs, for which angular momentum is no longer a good quantum number because FeSCs are crystalline systems with multiple FSs, implies that T c is non-zero if at least some interpocket interactions exceed intrapocket interactions. 4, 8 In most calculations done so far, both intrapocket and interpocket interactions appear to be repulsive. In this situation, to convert repulsion into attraction, the phase of a U (1) superconducting order parameter must change by π between pockets (see Fig.4c and Fig. 6b) . Such a state, called s +− , is the analogue in multiband crystalline systems of the higher angular momentum pairings in isotropic single band systems and of d x 2 −y 2 superconductivity in the cuprates, but has the full symmetry of the crystal lattice (see Fig. 5 and Insert II). In this respect,
FeSCs provide the first example of electronically-driven s−wave superconductivity.
The reasoning for s +− superconductivity may look quite straightforward, but there is one major obstacle -the usual screened Coulomb interaction is larger at small momentum transfer (i.e., within one pocket) than at at larger momenta, connecting hole and electron pockets. To get s +− superconductivity, one has therefore to invoke some mechanism to enhance interpocket interactions. The most popular scenario is that this is due to spin fluctuations ( 
II. PNICTIDES VS CUPRATES
One of the main sources of initial excitement surrounding the Fe-based superconduc- indicated that these systems were characterized by overall moderate electron-electron interactions, which are capable of giving rise to SDW magnetism and superconductivity at elevated temperatures, but not strong enough to localize the electrons.
Two discoveries have suggested that an understanding of larger class of Fe-based superconductors may require going beyond this scenario if the goal is to understand the system behavior over a wide range of energies. The first is that density functional theory calculations are consistently found to give more dispersive bands than the measured ones. Mott selectivity", which implies that critical U is different for different orbitals, and some orbitals show stronger tendency to localization than the others as n → 5.
There is another issue which invites comparisons of FeSCs and the cuprates. 
III. NEW SYSTEMS, NEW PARADIGMS?
The paradigm established for the near-optimal 1111, 122 and 111 materials -with s ± pairing between central hole and outer electron pockets due to repulsive interpocket interactions -has recently been challenged in some "outlying" materials classes. The FeSC 13 are famously more variegated than their cuprate cousins, so it is sometimes not so easy to The structure of the s +− order parameter ∆(k) has turned out to be a subtle issue.
In the simplest scenario, the gaps on hole and electron FSs are treated as constants and only differ in sign (Fig. 6(b) ). It was soon realized, however, that because of the multi-orbital nature of FeSCs, an s +− order parameter on each pocket necessarily has an angular variation which may be quite substantial. In particular, in the 1-Fe zone of Fig. 2 , the angular variation of the order parameters on the two electron pockets is ∆(k) = ∆ e (1 ± α cos 2θ), where θ is the angle counted from X direction (for both electron FSs). If |α| > 1, ∆(k) has four nodes on each FS (Fig. 6(c) ). These nodes have been called "accidental" as their position is not set by symmetry, as opposed to e.g., d−wave nodes ( Fig. 6(d) ) which by symmetry must be along certain directions in the Brillouin zone. Note that if there is no central hole pocket, a d-wave state need not have nodes if the FS avoids these directions (Fig. 6(f) ). The presence or absence of the nodes is highly relevant, as it completely changes the low-temperature behavior of a system compared to a conventional s−wave superconductor.
An even more subtle issue is the actual structure of the phases between superconducting order parameters in a generalized s +− state. We considered the case when the phase changes by π between hole and electron pockets, but in multi-band systems other cases are possible, e.g., s +− gap between hole pockets, or phase differences which are not multiples of π ( Fig. 6(e) ). In the last case, s +− superconducting order breaks time-reversal symmetry (it was termed s + is for this reason).
C. insert III -FeSe monolayers
The most spectacular FeSe-based material has certainly been monolayer FeSe grown epitaxially on strontium titanate (STO), by the Institute of Physics (Beijing) group led by X.-K. Xue in 2012 16 . This system was shown, after careful treatment of the substrate and annealing, to exhibit signs of superconductivity at very high temperatures although, surprisingly, the 2-layer film grown by the same technique was not superconducting at all, indicating the importance of proximity of the active electronic layer to the substrate.
While zero resistance in these initial monolayer films was attained only below 35K (still much higher than the 8K bulk T c ), Fig. 7(a) , the large gap measured in the electronic spectrum by ARPES vanished at a temperature of closer to 65K (Fig. 7(b) ). Subsequent refinements have raised the ARPES gap closing temperature to 75K, not far from the symbolic temperature of 77K where nitrogen liquefies. The ARPES measurements indicate that the electronic structure of the monolayers resembles the alkali intercalated FeSe systems: the band normally responsible for the Γ centered hole pocket is located many tens of meV below the Fermi level.
The high-temperature superconductivity in monolayer films and the ARPES results were confirmed recently by the Z.X. Shen group at Stanford. However in April came another, long-rumored surprise: when the Xue group performed in situ measurements of resistivity with a 4-probe "fork" pressed into the sample, they found 16 b that the resistivity disappeared below 108K (Fig. 7(c) ). If confirmed, this would be a clear record for the critical temperature of Fe-based systems. Already, the result has inspired a number of theoretical suggestions, including "bootstrapping" the superconductivity caused by repulsive Coulomb interactions by adding the binding forces due to exchange of phonons in the substrate and enhanced spin fluctuations due to the tensile strain to which the monolayer is subjected by the STO. 
